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[57] ABSTRACT

A method and system for performing inverse telecine pro-
cessing requires a minimum amount of memory capacity.
Specifically. the inverse telecine processing technique
requires only first and second dual field buffers. The first
dual field buffer has a first even buffer (1E) and a first odd
buffer (10). The second dual field buffer has a second even
buffer (2E) and a second odd buffer (20). The input video
sequence to be processed comprises a sequence of video
fields of alternating even and odd parity. The even fields of
the input sequence are written into the even buffers of the
two dual field buffers on an alternating basis and the odd
fields of the input sequence are written into the odd buffers
of the dual field buffers on an alternating basis. This order is
changed (i.e.. toggled) when a repeat field is detected. The
repeat field is dropped by writing over it with the next field
of the same parity in the input sequence.

2 Claims, 4 Drawing Sheets
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1
MPEG-2 INVERSE TELECINE CIRCUIT

FIELD OF THE INVENTION

The present invention relates to a method and circuit for
detecting repeat fields in a sequence of video fields to be
encoded using. for example. an MPEG-2 compatible
encoder. Specifically, the present invention relates to the
buffering of input video fields for repeat field detection
during inverse telecine processing. The buffering is per-
formed using only four field buffers. a significant reduction
compared to conventional techniques.

BACKGROUND OF THE INVENTION

A video encoding system is illustrated schematically in
FIG. 1. The video encoding system 10 recelves a sequence
of frames from a video source 1. The sequence of frames
may be progressive or interlaced. Ilustratively. a progres-
sive sequence comprises 30 frames per second. In the case
of an interlaced sequence, each frame comprises two fields.
An even (top) field comprises the even numbered rows and
an odd (bottom) field comprises the odd numbered rows.
Thus, in the case of an interlaced sequence. there are 60
fields per second. The present invention is particularly
concerned with an interlaced video sequence.

The video source 1 may be any source of a digital video
signal such as a video camera or a telecine machine. A
telecine machine converts a film comprising 24 tframes per
second into a 60 fields per second digital video signal using
3:2 pull down. The 3:2 pull down technique provides for
generating two video fields and three video fields for alter-
nating film frames. For a film frame which is converted into
three video fields, the third field is a repeat of the first field.
The 3:2 pulldown technique is discussed in greater detail
below in connection with FIG. 2.

The video encoder system 10 includes a video capture
buffer 30 for capturing the input video sequence and an
inverse telecine circuit 40. The inverse telecine circuit
detects repeat fields in the input video sequence and causes
these fields to be dropped so as not to waste valuable
encoder resources for compressing repeat fields.

The video encoder system 10 includes a preprocessor

circuit 14, a preprocessor buffer 1S for buffering video-fields
to be processed by the preprocessing circuit. a video com-
pression circuit 16, a rate buffer 18 and a rate controller 20.

The video compression circuit 16 receives a video signal
from the preprocessor circuit 14 in the form of a sequence
of frames or sequence of fields and outputs a compressed
digital video bit stream.

Preferably, the compressed digital video bit stream output
by the video compression circuit 16 complies with the
syntax specified in the MPEG-2 standard. Compression
circuits which generate an MPEG-2 compliant bit stream are
well known.

The MPEG-2 compliant bit stream generated by the video
compression circuit 16 is stored in a rate buffer 18. The bit
stream is then transmitted via a transmission channel 19 to
one or more decoders which decode the received bit stream.
Alternatively, the bit stream may be transmitted to a storage
device such a as CD-ROM or other memory.

The rate controller 20 controls the number of bits allo-
cated by the video compression circuit 16 to the frames to be
encoded. The rate controller 20 allocates bits to the frames
to be encoded in such a way so as not to exceed the
bandwidth in the channel 19 assigned to the encoder system

10 and so as to maintain certain limits on the occupancy of
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the encoder buffer 18. This is turn prevents exceptions
(overflow or underflow) at the decoder buffer where the bit

stream is received after transmission by the channel 19 or
when the bit stream is read from a memory in which it has

previously been stored.

The preprocessor circuit 14 processes the video signal so
that it may be compressed by the video compression circuit
16. For example, the preprocessor circuit may change the
format of each frame (number of horizontal pixels and
number of vertical pixels) to meet parameters specified by

the video compression circuit 16. In addition. the prepro-
cessor circuit can detect scene changes or other changes

which increase compression difficulty. A scene change
increases the amount of bits required because predictive
encoding cannot initially be used. If the preprocessor circuit
14 detects a scene change, this information is communicated
by the preprocessor circuit 14 to the video compression
circuit 16 and rate controller 20. A fade (continuous decrease

or increase in luminance level to or from black over several
time frames) can also cause difficulties for the video com-
pression circuit because it can cause a failure in motion
compensated prediction. The preprocessor circuit 14 can
detect and inform the video compression circuit 16 of a fade
so that the video compression circuit can take precautions.

Another function performed by the preprocessor circuit
14 is to determine a total activity and a masking a activity
for each macroblock in each frame. The total activity and
masking activity are used in the video compression process.
The functions of the preprocessor circuit are described In
greater detail in the above identified related application.

A large number of video signals to be compressed are
derived from commercial motion picture film. In this case.
the video source 1 is a telecine machine. Such film typically
has 24 frames per second. The transfer of imaging informa-
tion from 24 frames per second film to 30 frame (i.e.. 60
field) per second interlaced video is typically performed by
a telecine machine using storage tube scanning. fly spot
scanning. or line storing with a frame store and digital
sequencing.

The frame rate conversion scheme implemented by a
telecine machine for converting between 24 frame per
second film and 60 field per second video is known as 3-2
pulldown. An illustration of 3-2 pulldown is provided in
FIG. 2. FIG. 2 shows a sequence of film frames at 24 frames
per second. These frames are labeled A.B.C.D.E. F . ..
. FIG. 2 also shows a sequence of video fields derived from
the frames A. B, C . . . using the 3-2 pulldown technique.
According to the 3:2 pulldown conversion, for successive
film frames. the telecine machine alternates between gener-
ating three video fields and two video fields. In case three
video fields are generated for a film frame. the third field i1s
a repeat of the first field. Thus, in FIG. 2. the first video field
a, is an odd field derived from the first film frame A. the
second video field a, is an even field derived from the film
frame A, the third video field a, is an odd field which is the
same as a, and is derived from the film frame A. The fourth
video field b, is an even field derived from the film frame B
and the fifth video field b, is an odd field derived from the
film frame B. The sixth, seventh. and eighth video fields. c,.
C,. C3. are even. odd. and even. respectively. and are derived
from the film frame C. with ¢, being a repeat of ¢;. The ninth
and tenth video fields d,. d, are odd and even, respectively
and are derived from the film frame D. Thus. the number of
fields per frame of video follows the paitern
323232, .........This pattern is known as the 3:2
pulldown pattern.

For a variety of circumstances. the 3.2.3.2.3.2. . . . paticrn
may be interrupted. For example, sometimes there may be



5.757.435

3

edit where a new film segment is combined with an old film
segment in which case. the pattern is:

3.2,3,2,3,3,23,2 . ..

The edit occurs where indicated by the arrow.
In another situation. conventional video can be “spliced”

into the 3:2 pulldown video sequence to form a pattern
which looks like

...3,2,3,2,3,2
from film

3,2,3,2,3,2...
from film

2,2,2,2,2,...,2,2
video

This situation occurs when a commercial is inserted into 3:2
pulldown pattern derived from film.

In other situations. there can be a purposeful deviation
from the conventional 3:2 pulldown pattern to produce an
eye appealing pan. Moreover, if slow motion is desired there
may be repeat fields for optical reasons as well as repeat
fields resulting from telecine machine operation. |

The purpose of inverse telecine processing may be viewed
as grouping fields into two-field frames and three-field
frames by detecting repeat fields in the three field frames.
The repeat fields in the three-field frames are then dropped
to save compression resources.

Accordingly. it is an object of the invention to provide an
efficient technique and system for detecting and discarding
repeat fields in a video-sequence to be encoded. More
specifically. it is an object of the invention to provide a
repeat field detection system and method which utilizes a
minimum number of field buffers for storing the input ficlds
for repeat field detection.

SUMMARY OF THE INVENTION

In accordance with a preferred embodiment of the
invention. a method and system for performing inverse
telecine processing requires a minimum amount of input
memory capacity. Specifically, the inventive inverse telecine
processing technique requires only first and second dual
field buffers. The first dual field buffer has a first even buffer
(1E) and a first odd buffer (10). The second dual field buffer
has a second even buffer (2E) and a second odd buffer (20).
The input video sequence to be processed comprises a
sequence of video fields of alternating even and odd parity.
The even fields of the input sequence are written into the
even buffers of the two dual field buffers on an alternating
basis and the odd fields of the input sequence are written into
the odd buffers of the dual field buffers on an alternating
basis. This order is changed (i.e.. toggled) when a repeat
field is detected. The repeat field is dropped by writing over
it with the next field of the same parity in the input sequence.

BRIEF DESCRIPTION OF THE DRAWING

FIG. 1 schematically illustrates a video encoding system.

FIG. 2 schematically illustrates the 3:2 pulldown tech-
nique.
FIG. 3 illustrates an input buffer for an inverse telecine

circuit as well as the inverse telecine circuit itself according
to the invention.

FIGS. 4A and 4B form a chart illustrating the operation of
the input buffer and inverse telecine circuit of FIG. 3.

DETAILED DESCRIPTION OF THE
INVENTION

A video capture buffer and inverse telecine circuit which

operates in accordance with the present invention is sche-
matically illustrated in FIG. 3.
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The video capture buffer comprises a first dual field buffer
32 and a second dual field buffer 34. The first dual field
buffer 32 comprises a first even field buffer labeled 1E and
a first odd field buffer labeled 10. The second dual field
buffer 34 comprises a second even field buffer labeled 2E

and a second odd field buffer labeled 20.

A demultiplexer 36 receives an input sequence of video
fields from a video source (e.g.. a telecine machine) and
outputs each field to a particular one of the input buffers 1E.
10. 2E, 20. The particular buffer into which each field in the

input sequence is written is discussed below.

The inverse telecine circuit 40 comprises the field com-
parison circuit 42 and the inverse telecine circuit 44. The
field comparison circuit 42 compares the fields in buffers 1E
and 2E and also compares the fields in buffers 10 and 20.
The comparisons are of fields of the same polarity because
in a 3:2 pull down sequence, repeat fields in a 3-field frame
are usually separated by a non-repeat field. Based on the
comparison. the inverse telecine circuit determines if the
even buffers 1E and 2E contain a repeat field and if the odd
buffers 10 and 20 contain a repeat field.

In an illustrative embodiment of the invention, the field
comparison circuit 42 operates as follows. For each mac-
roblock of pixels in a pair of fields to be compared. the field
comparison will comprise a pixel-by-pixel subtraction and
summing of the absolute differences over a macroblock
These individual macroblock scores are transmitted to the
inverse telecine decision circuit 44 in order to make the
repeat field detection decision.

The repeat field detection decision is based on the distri-
bution of macroblock scores. A comparison of a particular
field with a repeat field will result in a large number of low
scores. A comparison of the same particular field with a
different field will result in a distribution with a large
number of higher scores. The detection of repeat fields

enables the input video sequence to be grouped into two-
field and three-field frames.

When the inverse telecine decision circuit detects a repeat
field. the repeat field is dropped. In accordance with the
present invention, this is accomplished by writing over the
repeat field in the appropriate one of the buffers 1E, 10. 2E.
20 with a new field in the input video sequence. Such a write
over may occur in response to an indication signal trans-
mitted from the inverse telecine decision circuit 44 to the
demultiplexer 36.

The video fields in the buffers 1E. 10, 2E, 20 are grouped
into frames as indicated above are transferred to the prepro-
cessor buffer 15 for processing in the preprocessor circuit
prior {0 compression.

While the inverse telecine circuit 40 has been depicted as
hardware in FIG. 3. in some embodiments of the invention.
the field comparison function and inverse telecine decision
function may be implemented using a central processing
unit, controller. or other circuit which has been programmed
with software to carry out these functions.

In addition. it should be noted that it is possible to make
the repeat field detection decision using less than all the data
of a given field. Thus, while a field consists of one luma and
two chroma components, it is necessary to only capture the
luma components for the inverse telecine decision. In
addition. to reduce the amount of data which needs to be
processed. the field comparison and repeat field detection
processing can be carried out using decimated versions of
the fields in particular circumstances.

The operation of the video capture buffer 30 and inverse
telecine circuit is illustrated in greater detail in connection
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with the timing diagrams of FIGS. 4A and 4B. The number
at the left hand side of each line in FIGS. 4A and 4B

indicates a field time period.

In FIGS. 4A and 4B. the first column lists the film source
fields. These fields are labeled S1A. S1B, S2A, 82B. . . ..
in accordance with the 3:2 pull down sequence. Thus, the
frame S2 comprises three fields S2A. S2B. S2A. It can be
seen that the field S2A is a repeat field. In FIGS. 4A and 4B,
capital letter A designates a field of even parity and a capital
letter B designates a field of odd parity.

The second column lists the video source fields V1A,
VI1B. V2A, V2B. . . .. The correspondence between par-
ticular film source fields and particular video source fields
can easily be obtained from the table.

The third column indicates into which input buffer 1E,
10. 2E, 20. each source field is written.

The fourth column indicates the grouping of fields into
two-field frames or three-field frames in particular field time
periods. Each frame (e.g.. F1, F2, etc.) is described by the
input buffers which contain the fields of that frame. No
inverse telecine decision is made in the field time periods
marked wait.

The fifth column indicates the transfer of fields to the
preprocessing buffer which take place in particular time
periods. The frames (e.g.. P1, P2 etc.) which are transferred
to the preprocessing buffer are described by the input buffers
which contain the field of that frame.

Column 6 contains certain comments.

Column 7 indicates the phase. Phase 0 indicates the
buffers are filled in the order 1E. 10. 2E. 20. Phase 1
indicates the buffers are filled in the order 2E. 20, 1E. 10.
The term “toggle” indicates a phase switch.

In field time period (1). field V1A is written into buffer 1E.

In field time period (2). field V1B is written into buffer
10.

In field time period (3). field V2A is written into buffer 2E.
No 3:2 decision is made as indicated by the word “‘wait”.
The contents of 1E and 10 are transferred to the prepro-
cessing buffer as a frame P1. There is no possibility of one
of these fields being a repeat field because only the third field
of a frame can be a repeat field.

In field time period (4). field V2B is written into 20. and
a decision is made to group the fields in the buffers 1E and
10 into a two-field frame F1.

In field time period (5). field V3A is written into 1E, there
is no 3:2 decision and the contents of 2E and 20 are
transferred to the preprocessing buffer as frame P2.

In field time period (6). field V3B is written into 10. A
decision is made to group the three fields in 2E, 20, 1E into
a three-field frame F2, wherein 1E contains a repeat field 3A.
The phase is toggled. i.e.. the phase switches from 0 to 1.
This means that the field V3A in buffer 1E is dropped by
writing over it with the next field in the input sequence with
the same parity. Thus, in field time period (7). field V4A is
written into buffer 1E (rather than buffer 2E if phase 0 were
to be maintained).

The phase (1) is maintained until field time period (12). In
field time period 12, a decision is made to group the contents
of 20, 2E, 10 into a three-field frame, wherein buffer 10
contains the repeat field V5B. At this point, the phase is
toggled from 1 to 0. The repeat field V5B in buffer 10 is
dropped by writing over it with next field of the same parity
V6B. (If the phase were not toggled. field V6B would be
written into buffer 20 rather than 10). Toggling also takes
place at field time periods (15). (24). (29).

In field time period (31). field V16A ($13) is written into
buffer 1E. The field V16A (S13A) is an orphan field. The
orphan field perturbs the 3:2 pulldown sequence. The fields
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6

S13A(V16A) and S14B will be grouped as a two-field frame
and S14A will not be dropped since S13A and S14A are not
duplicates. The interlaced frame made of fields S13A and
S14B is passed to the preprocessor buffer.

As a result of the grouping of S13A and S14B. S14A is
orphaned and combined with S15B to form P14 as another
interlaced frame. The first three-field frame to occur rectifies
this situation. This is the source frame S15 made up of the
field S1SB. S15A, S15B. The first copy of S15B is combined
with the orphaned S14A to form a frame as described above.
The second copy of S15B is not dropped but rather is
combined with S1ISA and encoded as a two-field frame. At
this point, the conventional 3:2 phase is recovered.

During the field time periods marked “STALL” in FIGS.
4A and 4B. opposite parity field comparisons may be
performed. This allows orphan fields to be detected and the
3:2 phase to be recovered after only one interlaced frame.

Finally, the above-described embodiments of the inven-
tion are intended to be illustrative only. Numerous alterna-

tive embodiments of the invention may be devised by those
skilled in the art without departing from the spirit and scope

of the following claims.
The claimed invention is:

1. A method for performing inverse telecine processing on
a sequence of video fields of alternating even and odd parity
comprising the steps of:
writing data representative of said even fields in said
video sequence into first and second even video field
buffers on an alternating basis. and

writing data representative of said odd fields in said video
sequence into first and second odd video field buffers
on an alternating basis.

when an inverse telecine decision circuit determines that
one of said even or odd fields is a repeat field. the order
in which the fields of said video sequence are written
into the buffers is toggled. so that the next field of said
video sequence with the same parity as said repeat field
is written over the repeat field so as to cause the repeat
field to be dropped.

2. A system for performing inverse telecine processing on
a sequence of video fields of alternating even and odd parity

comprising:
a first dual field buffer including a first even buffer for

storing data representative of a first even video field in
said sequence and a first odd buffer for storing data

representative of a first odd video field in said
sequence;

a second dual field buffer including a second even buffer
for storing data representative of a second even video
field in said sequence and a second odd buffer for
storing data representative of a second odd video held
in said sequence;

a comparator connected to said first and second dual field
buffers for comparing said first and second even video
fields and for comparing said first and second odd video
fields;

an inverse telecine decision circuit responsive to said
comparator for selectively determining if one of said
first and second even video fields is a repeat field and
if one of said first and second odd fields is a repeat field,

said system dropping a repeat field by toggling the order
in which the fields of said video sequence are written
into the buffers. writing over said repeat field with the
next field in said video sequence with the same parity
as the repeat field.
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